Abstract. In an evolving turbulent medium, a natural timescale can be defined in terms of the energy decay time. The time evolution may be complicated by other effects such as energy supply due to driving, and spatial inhomogeneity. In the solar wind the turbulence appears not to be simply engaging in free decay, but rather the energy level observed at a particular position in the hellosphere is affected by expansion, "mixing," and driving by stream shear. Here we discuss a new approach for estimating the "age" of solar wind turbulence as a function of heliocentric distance, using the local turbulent decay rate as the natural dock, but taking into account expansion and driving effects. The simplified formalism presented here is appropriate to low cross hellcity (non-Alfv•nic) turbulence in the outer hellosphere especially at low hello-latitudes. We employ Voyager data to illustrate our method, which improves upon the familiar estimates in terms of local eddy turnover times.
Introduction
During the roughly 30 years of observation of lowfrequency fluctuations in the solar wind, it has become increasingly apparent that turbulence at magnetohydrodynamic (MHD) scales is an important feature of the heliosphere. MHD turbulence may provide the mechanisms for energy loss from large scale structures, cascade processes at intermediate scales, and excitation of kinetic processes at small scales. Consequently, turbulence may play an essential role in heating [Coleman, 1968] of the solar wind plasma, and possibly acceleration of both the slow [Hollweg, 1986] In each scenario in which MIlD turbulence may be thought to be important, crucial questions arise concerning the relative strength of turbulence: How influ-agreement to within factors of two from 1 AU to about 40 AU. Several ways in which the present methods might be improved are briefly described in the Discussion section.
Age in Decaying Turbulence
A convenient choice for the natural "clock" is the timescale associated with energy decay in homogeneous MHD turbulence. In the absence of any driving mechanism, the equation for decay of nonthermal fluid scale energy per unit mass E can always be written as dE E which serves to define the timescale r(t). The dimensionless age ooe the turbulence • is now defined by
Under the assumption of free decay, using (1) the age can be written as f0 t--dr' -log . One can go further if the decay law is related back to turbulence parameters. A well-known example adapted from hydrodynamics is the Taylor-Karman decay phenomenology in which the decay timescale becomes the "eddy turnover time," 
Turbulence Age Results
In each test case described here, we calculate the age of turbulence relative to its state at 1 AU. Where necessary, we evaluate the radially dependent energy density Given the suggestive but not entirely satisfactory level of agreement seen in the three methods, it is tempting to envision improvements that might attain greater accuracy in general, and in particular better agreement. Indeed, a useful strategy would appear to be to use the differences in physical assumptions in the three methods to suggest and constrain improved models of several types. Perhaps most clearly indicated is a better theory for shear generation of turbulence, improving upon the simple approach based upon a single radially independent shear constant Gsh. The goal of such an improvement might be to make method I and II results move closer to the unchanged method III results.
We also must recall that the phenomenology that enters into methods II and III is specifically restricted [Hossain et Most likely, several types of refinements will be needed to decrease discrepancies between the methods that grow at higher heliocentric distances. In fact all refinements might help in this regard, since the errors will In the future it will also be interesting to compare the rate of turbulent aging examined here to alternative measures based upon evolution of the low frequency spectral breakpoint [Klein et al., 1992; Horbury et al., 1996] , and especially the possible variation of the rate of evolution with hello-latitude, e.g., a theoretically motivated comparison of Voyager and Ulysses results.
